Twenty-four growing swine and 24 growing rats were fed high-protein (34%) diets on an ad libimm basis to determine their effects on body weight, carcass characteristics, intestinal microbiological profile and visceral organ weights. High dietary fiber reduced body weight gain and gain:feed ratio in both swine and rats and decreased body famess in swine; it increased relative kidney weight (percentage of body weight) in both swine and rats and decreased relative liver weight in rats but increased it in swine. Absolute weights of stomach and large intestine were unaffected by high fiber in either species, but relative weight of small and large intestine was increased in swine and relative weight of stomach was increased in rats. High dietary protein increased absolute and relative weights of kidneys in both species and increased relative liver in swine but not in rats. Absolute weight of large intestine was increased by high dietary protein in rats and tended to be increased in swine; relative large intestine weight was increased in both species. The microbial profile of large intestinal contents of rats showed no effect of diet on Enterobacteriaceae, Campylobacter, Salmonella or total anaerobes and cellulolytic organisms, but coliforms were higher in rats fed high fiber or high protein than in controls. We conclude that dietary levels of fiber and protein influence growth of specific segments of the gastrointestinal tract of growing rats and swine, probably by different mechanisms of action.
. Visceral organ mass, which makes up 10% or less of total body mass, accounts for a disproportionate share of body heat production. For example, Webster (1981) estimated that heat production of the liver and gut represented about 20% of the fasting heat production of rats at rest. Fasting heat production was highly correlated (r = .90) with visceral organ weights (Koong et al., 1982a (Koong et al., ,b, 1985 .
This relationship between visceral organ size and basal heat production has important implications for food animal production, because nutrients are diverted from the growth of the edible carcass when visceral organ weights are increased. The purpose of the present experiments with rats and swine was to ascertain the relative effects of high-fiber or high-protein diets on body weight gain, feed utilization, organ weights and large intestine Ingredient microbial populations (rats only) in view of evidence indicating that high fiber (Bohman et al., 1955; Kass et al., 1980; Pekas et al., 1983) and high protein (Pond et al., 1986) are associated with gastrointestinal trace hypertrophy and that cellulolytic bacteria axe increased in the large intestine of swine fed high fiber (Varel, 1987) .
Materials and Methods
Swine Experiment. Twenty-four crossbred (Chester White x Landrace x Large White x Yorkshire) castrated male finishing pigs (avg body weight, 93 kg) were divided into three groups of eight and assigned randomly to three diets as follows (see Table I for composition): control (C,corn-soybean meal fortified with minerals and vitamins); high fiber (HF,40% alfalfa meal substituted for part of corn and soybean meal) and high protein (HP,soybean meal replacing 56% of the corn diet to provide a 34% protein diet).
Pigs were allowed to consume their respective diets ad libitum and were kept in pairs (four pens of two pigs per diet) in 1.8-m 2 concrete, slotted-floor pens in a temperatureand light-controlled building (20 5: 2"C, 12 h light:12 h dark cycle). Body weight and feed consumption of each pen of pigs were recorded on d 0, 28, 56 and 84. All pigs were slaughtered on d 84 without fasting. Carcass weight; length; backfat depth (mean of three measurements taken on the split carcass at the first and last ribs and last lumbar vertebrae); cross-sectional area of longissimus muscle and of s.c. fat at the 10th-llth rib interface; weight of untrimmed and trimmed Boston butt, picnic, loin and ham on the left side of the carcass; liver and kidney weight; and weight of empty stomach, small intestine and cecum-colon were recorded. Sections of duodenum, jejunum, ileum and colon from six pigs in each diet group were fixed in 10% neutral buffered formalin for histopathological examination. Tissues were embedded in paraffin, sectioned at 4 to 6 microns and stained with hematoxylin and eosin; selected sections also were stained with the Warthin-Starry stain to confirm the presence of Campylobacter. All data were subjected to analysis of variance (SAS, 1985) ; differences between means were tested by Least Significant Difference. Pen was the experimental unit for gain and feed data and individual animal for carcass data.
Rat Experiment.
Twenty-four male Sprague-Dawley rats (avg body weight 64 g) were assigned randomly (eight rats/diet) to the A sample of colon contents was taken from four animals in each treatment group for microbiological enumeration of coliforms, Enterobacteriaceae, E. coli, campylobacter, total anaerobes, and cellulolytic bacteria (Varel and Pond, 1985) . Composite samples were prepared by pooling the intestinal contents of two animals. Coliform and Enterobacteriaceae counts were performed by the pour plate method (Busta et al., 1984) , using Violet Red Bile agar and Violet Red Bile Glucose agar, respectively. The plates were incubated at 37~ for 24 h. E. coli was enumerated by a three-tube most-probable-number method similar to that described by Mehlman et al.(1984) . MacConkey agar plus 1% lactose was substituted for Levine's eosin-methylene blue agar. Confirmation was based on positive citrate reactions, Campylobacter was enumerated by the spread plate method (Busta et al., 1984) using the Campylobacter agar kit blaser, with the addition of 10% porcine blood. The plates were incubated at 43~ under a modified atmosphere in GasPak anaerobe jars. The isolation and identification of salmonellae was carried out according to the method described by Andrews et al. (1984) .
All body weight, feed and organ weight data were subjected to analysis of variance (SAS, 1985) , differences between means were tested by Least Significant Difference. Individual animal was the experimental unit.
Results
Swine Experiment. Dally gain and dally feed consumed were depressed (P < .01) by high levels of either fiber or protein in the diet ( Table 2 ). The reduction in daily feed consumed, compared with controls, was similar in pigs fed HF and HP. Dally gain was reduced more (P < .01) by HF than by HP, resulting in gain:feed ratios that were less than C values (P .01) in pigs fed HF, but not in those feed HP. Pigs fed HP had less backfat (P < .01) than controls, and pigs fed HF had less (P < .01) than those fed HP.
High dietary fiber resulted in a lower carcass weight (P< .04), a smaller longissimus muscle cross-sectional area (P < .03), a high percentage of trimmed lean cuts in the body (P < .06) and lighter trimmed loin (P < .03) compared with the controls (Table 3) . High dietary protein had no effect on carcass traits, except for a smaller trimmed loin weight (P < .03) and a smaller cross-sectional area of s.c. fat at the 10-11th rib interface (P < .03) compared with the controls. Differences in b'eMeans in the same row without a common superscript differ (P < .05). dNS = not significant. trimmed lean cut weights were related to body weight and were expressed as percentages of body weight.
High fiber had no effect on absolute or relative stomach weight (Table 4) . However, relative weights (percentage of body weight) of small intestine (P < .03), large intestine (P < .10), liver (P < .01) and kidneys (P < .01) were increased compared with control values. High protein also increased relative weights of small intestine (P < .03) and large intestine (P < .10) compared with controls. Effects of HP and HF bMeans for small and large intestine are for six animals in control group. c,d.eMeans in the same row without a common superscript differ (P < .05).
fNS= not significant. were similar. Liver and kidney absolute and relative weights were increased (P < .01) by HP compared with either C or HF. Histologic changes in small intestine corresponding to changes observed in relative organ weight were noted in pigs fed HP, and to a lesser extent in pigs fed HF. The changes induced by HF and HP included an increased diameter of the intestinal cross-sectional, with proportional increases in lumen, mucosa and smooth muscle. In addition, there was an underlying inflammatory condition in the ileum of all animals, including the controls, varying in severity between animals and among groups. The inflammation was suggestive of the presence of Campylobacter (Rowland and Lawson, 1985) , whose identity was confirmed by the Warthin-Starry strain. The ileal lesions included marked infiltration of lamina propria by mononuclear cells, mainly plasma cells and lymphocytes; many villi appeared shortened with irregular fusion. There was crypt epithelium downgrowth into subjacent lymphoid tissue, lymphoid hyperplasia of Peyer's patches, scattered crypt abscesses and the presence of many goblet cells in the epithelium. The severity of the inflammatory changes was greater in pigs fed I-IP, suggesting a diet • infection interaction. There was no clinical evidence of Campylobacter infection during the course of the experiment, except that on the day of slaughter two pigs had severe bloody diarrhea and one pig was found dead in the pen and, on necropsy, was diagnosed as having acute Campylobacter infection. Two pigs fed the HP diet had large polyps in the colon. The surface epithelial component consisted of basophilic columnar cells with variable numbers of mitotic figures; the lamina propria was infiltrated by mononuclear inflammatory cells. Similar polyps have been described in association with Campylobacter infection (Rowland and Lawson, 1985) .
Rat Experiment. Dally gain was depressed
by HF (P < .01) but was not affected by HP (Table 5 ). Dally feed intake was reduced by HP, but not by HF, resulting in a lower gain:feed ratio in rats fed HF and a higher ratio in rats fed HP, compared with controls (P < .01).
Absolute and relative (percentage of body weight) weight of the liver was less (P < .01) in rats fed HF than in rats fed C or HP. Absolute weight of kidneys was less in rats fed HF (P < .01) and more in those fed HP (P < 9 01) than in controls, but relative weight was greater in rats fed HF (P < .01) than in controls, and that of rats fed HP was greater than of those fed C or HF diets (P < .01). Absolute stomach weight was not affected by diet, but relative weight was greater (P < .01) in rats fed HF than in those fed and tiP. Absolute weight of small intestine was less (P a'bMeans in the same row not sharing a common superscript differ (P < .05). r = not significant.
< .01) in rats fed HF than in C or HP rats, whereas that of large intestine was greater (P < .01) in HP than in C or HF rats. Relative small intestine weight was similar in C and HF rats, both of which had a larger mean weight than that of rats fed HP (P < .03). Relative weight of the large intestine was increased by HF (P < .01) and still further by HP (P < .01) compared with controls. Small intestine dry weight was reduced (P < .01) by HF; large intestine dry weight was not affected by HF but was increased by HP (P < .01) compared with controls, and percentage of dry matter in the large intestine was less in HF and HP rats (P < .01) than in controls (Table 6) .
Coliform count was less in HP rats (P < .05) than in rats fed HF or the C diet, whereas E. coli count was less (P < .05) in HF and HP rats than in C (Table 7) . Enterobacteriaceae, Campylobacter and total anaerobe contents were unaffected by diet. Salmonella species were present in rats fed all three diets, whereas Shigella was found only in rats fed HF. The number of cellulolytic microorganisms was least (P < .05) in rats fed HF and most (P < .05) in those fed HP.
Discussion
Weight gain of swine fed HF was reduced, as expected. This was associated with reduced feed intake and backfat and an increase in trimmed lean cuts as a percentage of body weight. The increased relative weights of kidneys, liver, small intestine and large intestine observed in the present work supports previous observations (Coey and Robinson, 1954; Bohman et al., 1955; Kass et al., 1980; Pond et al., 1988) and, based on the established correlation between empty visceral mass and fasting heat production (Holliday et al., 1967; Holliday, 1971; Baldwin et al., 1980; Koong et al., 1985) , provides indirect evidence that HF not only reduces digestible energy intake, but also increases basal metabolic rate of the animal (Pond et al., 1988) . Rats fed HF responded similarly to swine in weight gain, gain:feed ratio and relative kidney and large intestine weights. However, relative liver weight was less, rather than more, in rats fed HF fiber than in controls, and small intestine relative weight was unchanged in rats but increased in pigs. The species difference in response of the small intestine and liver to high dietary fiber may be related to differences in relative feed intake (1.3 to 1.6% of body weight daily for swine vs 15 to 20% of body weight daily for rats), to the practice to coprophagy in rats, to other differences in digestive physiology, including the different ratio of glandular to nonglandular stomach in the rat than in the pig, or to differences in stage of growth of rats compared with swine in the present experiment. Rats were in early postweaning growth, whereas swine were near normal slaughter weight, and therefore entering the plateau phase of the growth curve. The relatively low feed intake of pigs in all diet groups was not predicted, and the reason is not apparent. A possible contributing factor is the presence of a subclinical Campylobactex infection as indicated by the histopathological data.
Pigs fed the liP diet had depressed weight gain and feed consumption and increased liver a'b'eMeans within rows with different superscripts differ (P < .05).
and kidney weights compared with pigs fed the C diet. This is in agreement with previous work in growing pigs (Sugahara et al., 1969) . Swine and rats responded similarly to HP with respect to relative weight of the large intestine and stomach in that large intestine was increased in both species and stomach weight was unchanged compared with controls. Relative small intestine weight was increased in pigs but decreased in rats fed HP, indicating a species difference in response, perhaps related to coprophagy in rats or to other fundamental differences in digestive physiology. Both dry matter percentage and dry tissue weights were affected by diet in rats. This indicates that turgidity of the tissue was affected by diet, and that tissue accretion of organic matter was increased, at least in rats fed HP. Dry matter was not determined in pig large intestine, but it is assumed that the increased mass in pigs fed HP was associated with increased dry matter accretion. The physiological basis for the apparent shift in relative sizes of visceral tissues in response to HF or HP diets is unclear. Lipkin (1981) and Johnson (1981) reviewed the knowledge of gastrointestinal cell proliferation and differentiation and regulation of gastrointestinal tract growth, but the specific roles of food intake and composition as controlling factors are unknown. Johnson (1981) described two types of stimulation that result in gastrointestinal mucosal growth:nongastric hormones such as thyroxin and somatotropin and factors associated with food ingestion such as gastrointestinal motility, endocrine and paracrine secretions and neural stimuli. More research is needed to identify and evaluate these factors to allow a more complete understanding of gastrointestinal response to diet.
The identification of Campylobacter in the intestinal tract of pigs raised the important question of whether the apparent hypertrophy of the large intestine was due to inflammation and cellular proliferation in response to the pathogen or the high dietary protein intake of pigs whose large intestinal weight was increased most dramatically. Campylobacter metabolizes amino acids as a primary substrate for growth. The data from the rat experiment provide evidence that the hypertrophic response of the large intestine was due to high dietary protein rather than to Campylobacter, in view of the absence of a change in Campylobacter count in the intestinal contents of rats fed HP, even though large intestine weight was 154% of that of rats fed the C diet. Campylobacter-induced changes were present in the intestine of pigs in all groups. The apparently greater inflammatory response in pigs fed HP than in controls suggests the possibility of a diet x microbe interaction with respect to Campylobacter infection. There is no evidence that performance was adversely affected by the presence of Campylobacter, but the experiment may have ended in the early stages of infection.
No increase in concentration of cellulosedegrading organisms was observed in rats when they were fed the HF diet compared with controls. The probable shorter transit time and larger volume of digesta through the gastrointestinal tract of animals fed HF diets must be considered in interpreting microbial responses to diet when activity is expressed as counts per gram of sample. The results suggest that the rat and pig cellulose-degrading organisms may respond differently to HF diets (Varel, 1987) , even though Bacteroides succinogenes and Ruminococcus flavefaciens are presumed to be the predominant fiber-degrading microorganisms in both the pig and rat (Montgomery and Macy, 1982) .
It is concluded that both dietary fiber and protein level have specific effects on visceral organ mass, which may have implications for efficiency of animal growth and energy utilization. In view of the large (30 to 50%) increases in mass of the visceral organs by pigs fed the liP diet, it was surprising that gain:feed ratio was not reduced markedly with this diet. However, changes in gain:feed ratio may not directly reflect changes in energetic efficiency when feed intake or body fat deposition differ.
